Abstract-The purpose of this research paper is to investigate the defects detecting technique in printed electronics by the third harmonic measurements. Various types of defects were introduced on the samples and the third harmonic signal was measured using a component linearity tester (Radiometer CLT1). The relationship between the defects in the printed samples and the third harmonic signal and the third harmonic ratio was identified.
I. INTRODUCTION
Printed Electronics has become popular because of its capability to be manufactured at low cost, low temperature and at high throughput.Printing of conductive ink requires chemical and liquid additives in order to transport the material into a desired location. During the process of printing, the ink is susceptible to damage because of its liquid state. The printed structure can easily be damaged with little force or contact. Printed electronics can be scratchedand perforated by contaminants during printing and curing.
Third harmonic has been used as a realibility tester in resistor manufacturing industry. The test is used primarily by resistor manufacturing industry to detect inhomogenous defect, improper or high resistive contacts [1] .Previous research work has applied third harmonic measurement to capacitors [2] and semiconductors [3] to determine the components reliability and to prevent the early operation failure of the devices.In this study, the third harmonic measurement has been performed by applying a pure sinosoidal signal and the generated third harmonic signal was detected and measured. The results shows that the defective samplescan produce higher third harmonic signal.The test procedure is included in the IEC 60440 standard [4] that requires the application of first harmonic frequency and the measurement of the generated third harmonic signal consequently. The definition of Third Harmonic Ratio (THI) is the ratio between the fundamental frequency and the sum of harmonic signal generated by the sample.The third harmonic is chosen because itis time consuming to measure all the harmonics, and it is enough to represent the remaining harmonics [4] .The formula in calculating the third harmonic ratio is given by the following equation [5] : (1) where, THR is the third harmonic ratio, is the input voltage at fundamental frequency and is the third harmonic signal generated by the sample tested.
II. EXPERIMENT DESIGN AND METHODOLOGY
ED4000 carbon filled ink and ED3000 silver filled ink was sourced from Electrapolymer. ED3000 was used as predeposited electrodes while ED4000 was used to create the test structure. The printed electronics was cured according to the manufacturing requirements. Various types of defects were mechanically induced on the printed electronics. The pin-hole defects wereintroduced using a center punch; the line defects across the test structure werecreated by a scalpel; and two grams of ground medium density fibers were added into 15 grams of the ED4000 ink in order to obtain contaminated printed sample. All of the conductive pastes were printed using screen printing technique.Measurements were performed on all the following different samples: fully cured samples, scratched samples, the sample contaminated with fibers, under cured sample (ambient) and 1 k resistor. Radiometer CLT1 was used to measure the third harmonic frequency of the printed electronics. The equipment was operated at 10 kHz frequency and the third harmonic was measured at 30 kHz. The samples were optically examined using AliconaInfinitefocus 3D surface measurement. Figure 1 shows an example of a pin-hole defect created on the printed electronics. Three indentations have been created with the following diameters: 607, 545 and 516 5m. 
III. RESULTS AND DISCUSSION

IV. CONCLUSION
The third harmonic measurement is capable of detecting defects in the printed electronics such as scratches or pin-hole defects. However,it cannot detect contamination such as fibers and under cured printed electronics due the response of the contaminants to the AC test frequency. The fully cured printed electronics will generate higher third harmonic signal compared to the commercially available 1 k resistor.
